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[Claim 1] A liquid crystal element comprising: a pair of 
substrates having electrodes forming pixels, at least one of the 
substrates being transparent; and a composite film held between the 
substrates and including a resin wall and liquid crystals 
exhibiting cholesteric phase, wherein the composite film includes 
at each of the pixels a plurality of regions which are different 
from each other in one or more of the density, the alignment pitch 
and the shape of the resin wall. 

[Claim 3] The liquid crystal element of Claim 1 or 2, wherein the 
liquid crystals exhibiting the cholesteric phase have a selective 
reflection wavelength in a visible region. 

[0024] For driving the liquid crystal element using liquid crystals 
exhibiting the cholesteric phase by applying a voltage, the 
orientation of the liquid molecules is exchanged between planer 
orientation and focal conic orientation by applying either of high 
and low pulse voltage. This orientation is stably maintained even 
after the voltage application stops. The liquid crystals exhibiting 
the cholesteric phase selectively reflect a light having a 
wavelength corresponding to a product of the helical pitch and a 
mean reflectance of the liquid crystals in the planer orientation 
where the helical axises are arranged perpendicular to the 
substrates. If liquid crystals of which selective reflection 
wavelength are respectively in a red color region, a blue color 





region and a green color region , for example, the respective liquid 
crystals selctively reflect lights having the respective 
wavelengths in the planer orientation, thereby they are colored to 
seem red, blue and green, respectively. In addition, lamination of 
each colored liquid crystal layer enables multicolor display. When 
the selective wavelength is set within an inferred region, they 
seem transparent. In chiral nematic liquid crystals, the selective 
reflection wavelength can be adjusted by adjusting the helical 
pitch by adjusting an additive amount of the chiral agent. 
[0025] Also, the liquid crystals exhibiting the cholesteric phase 
scatter an incident light in the focal conic orientation that the 
helical axises are oriented irregularly, so that they seem opaque. 
A shorter helical pitch of the cholesteric liquid crystals leads 
to less light scattering and to orientation of the helical axises 
substantially parallel with respect to the substrates. Thereby, 
nearly transparent state is obtained. Thus, exchange between the 
planer orientation and the focal conic orientation enables to 
display selective reflection (planer orientation) - transparent 
(focal conic orientation) - selective reflection (planer 
orientation) - opaque (focal conic orientation) or transparent 
(planer orientation) - opaque (focal conic orientation). 
[0026] If the selective reflection wavelength is set within the 
visible region and an arbitral background color layer is provided 
at the outside of one of the substrates, display of selective 
reflection (planer orientation) - background color (focal conic 
orientation) is enabled. As the liquid crystals exhibiting the 
cholesteric phase, a liquid crystal element having a selective 
reflection wavelength in the visible region is typically used in 
the preferred embodiment of the present invention. 
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[0029] In the liquid crystal element in the preferred embodiment 
of the present invention, the composite film includes within each 
pixel a plurality of regions which are different in one or more of 
the density, the alignment pitch and the shape of the resin walls. 
Therefore, the degree of voltage division of the applied voltage 
due to the existence of the resin is different in the regions. As 
a result, the magnitude of the voltage to be actually applied to 
the liquid crystals is different in the regions. Also, while the 
movement of the liquid crystal molecules is restricted by an 
interaction (anchoring) with the resin wall, the extent of the 
movement is different according to the shape of the resin wall, and 
the like. Accordingly, drive voltages required for setting the 
respective regions to be in a given state are different, and the 
reflectance when a given voltage is applied is different in the 
respective regions. 

[0030] Fig. 2(A) schematically shows the relationship between the 
magnitude of the pulse voltage to be applied between the 
transparent electrodes 2a, 2b of the liquid crystal element in Fig. 
1(A) and the reflectance of the regions Al to A4 . Wherein the 
liquid crystals are in the planer orientation at an initial stage. 
The respective regions are requires respectively different voltages 
for exchanging the orientation to the focal conic orientation (low 
reflectance) and respectively different voltages for exchanging it 
again to the planer orientation (high reflectance). Further, Fig. 
2(B) schematically shows the relationship between the magnitude of 
the pulse voltage and the reflectance of the entirety of one pixel 
including the regions Al to A4 in this case. Since the reflectance 
of the entirety of one pixel is a mean value of the reflectances 
of all the regions, multiple reflectances can be obtained between 
the reflectance when the regions Al to A4 are all in the planer 



orientation and the reflectance when the regions Al to A4 are all 
in the focal conic orientation. Thus, a multiple gray shades 
display can be attained by adjusting the magnitude of the voltage 
to be applied to the composite film. For example, the use of the 
cholesteric liquid crystals adjusted so that the selective 
reflection wavelength is in the green color region enables the gray 
shades display between green color and black color. 
[0031] Preferably, a voltage VI capable of exchanging to the focal 
conic orientation the orientation of the region A4, which requires 
the highest voltage for exchanging the orientation from the planer 
orientation to the focal conic orientation, is lower than a voltage 
V2 capable of exchanging to the planer orientation the orientation 
of the region Al, which requires the lowest voltage for exchanging 
again the orientation. As a result, the lowest reflectance when the 
regions are all in the focal conic orientation can be obtained. 
Further, since the liquid crystal element in the preferred 
embodiment of the present invention has an excellent self- 
maintenance characteristic with the resin wall, display change due 
to an external pressure hardly occurs .even with a soft substrates. 
Referring to an extreme case, the composite film may be held by a 
pair of film substrate to obtain a sheet like liquid crystal 
element. 
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(57) Abstract: 

PROBLEM TO BE SOLVED: To 
provide liquid crystal elements 
and their manufacturing method in 
which a multigradation display is 
easily conducted by employing 
the liquid crystals indicating a 
cholesteric phase, to provide a 
manufacturing method of the 
liquid crystal elements which are 
held between a pair of substrates 
in which at least one of the 
substrates is transparent and the 
substrate and have a composite 
film which includes resin walls and 
the liquid crystals and to provide 
a manufacturing method of the 
liquid crystals without being 
affected by an unhardened resin 
precursor, without containing the 
liquid crystals in the resin walls 
and capable of producing the 
liquid crystals by selecting resin 
from a wide range. 

SOLUTION: This liquid crystal 
elements are provided with 
substrates 1a and lb having a 
pair of electrodes 2a and 2b in 
which at least one of them is 
transparent and a composite film 
3 which is held between the 
substrates 1a and 1b and include 
resin walls 3b and liquid crystals 
3a indicating a cholesteric phase 
and in which electrodes 2a and 2b 
form a pixel. The composite film 3 
is made so that plural regions 
exist in the state that the density 
of the resin walls, the array pitch 
and one or more than two of the 
shapes are mutually different in 
one pixel. 
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